Serminar, Brandeis University, April 23, 1958

Alteration of Gene action by Genetic llechanisms,

I, The Problem: What tvoes of genetic wmechanisms bring about abrust and
distinct ohanges in gene action in specific cells during
development,

hanges occur
B

2. why proildem arises: Hecently become aware that genc
ass ith

to nuclel during development and are probably a
developmental processes,
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3¢ Development of gene theory: First nalf of century:
a), Based mainly on selected mutants
b)e Mutants geg“e”ated in clear-cut fashion in heriddiby.
c)e Mutants == inccnsequential types:
Drosophila - white eves, yellow bedy color, curled wings,
Tfolked bristle ste,
ze -~ Anthocvanin nigrents 1n rvlont and kornel, starch tyves
in kernel, etc, '
c)e Arrangements of change in linear order in chromoscie,
d)e Rebeﬂtod occurrences of chonge at one locus -- same zhonot e alteraed,
e)e Uhrqug ome beravior -- redupikcation - sisteor chromatids alike:
Based on germe line for continuation of mutant tvre,
I')e Po °*u1ate° A1l nuclei of individual have same genctic conshitution:
axtrapolaticn, Not direct evidence,
g). Bffect on embryology: Confusion,
Welss - 19 : Clesr stetement of ccenfusion: wHealized scone
di~ferentiaticn related to change in wotential of nucleus,

Yricd to aslt geneticlistes for a nechaonism,
Yried to find evidence in genetics for differentiation of
nuclei,

Lo Woat was known of differe~tion of nuclei:

a)., Germ 1ine - set aside early - »nrotected from chang

b). Somasw U\wo“os ole changes:
Poly ploid Tuelei
Polytene nuclel
Loss of cetain ehromesomes in cerianin nuclei
Hon-disjunctions of certoin chromcso-ies at s ecific divisions
Loss of whole set of chrorcsoves in certain nucTei
Loss of part of a chromoscie - specific in certein division
Segregatlion of polvtene chromoscues -~ reduction somatic
fesult:s No difect effect on geneticistis -- did not alter views,

¢). Chonres in action known:
Positicn effect in Drosopiiila - change in vosition 01 zon
respect to netorce roratin and euc rpmatin
individuval -- diifercntinl action of genes
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Va 1og;t ion, so-called rmutable genes: oW \
#Wide-spread phenomena, wxceedingly difricult to anal-se in
ANy ¢ 868, Relagated to DOCUI*QT, unimpertant ~irenormena,
No effect on genetic theory,
Pattern alleles - Found in many forms,
R alleles in nmaize, Control whiere and how much antrocvanin
developed in kernel and nlant: mxarole:

Color in plant, not in kernel
Golor in kernel, not in ~lant ) i o
Yolor in »nlant -- at very restricted regicns for e_,ch allele.



Mo

Lady Beetle: Pigﬁenu SDOES. Alleles. mach svecifice
In both (-cs - gen for wigment should be nresent in all cells
Why functioning In only certain onss to produce particular pastern?

5. Recent develovpments:
a), Blegant proof of genetic changes dv- ng develovment without chanre
in chromcgome comnlezent that
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b). Rhynchosciara and Chironomous -- cnange at gene level but visible in
chrcnvacne -- will reburn to this,.

8. fecent develorments in understanding genic materials.
vl

:ls - DNA molecuel - long,

a)e Genetic masorin
ion codeddin the structu e of Tthe DHA molecule
se

b)e ALl informat

c)., Mutations - lected tynes -- arise from charge at particula site in
molecule: Change in enzyme, delation of DFNA to protein synt csis,
B B
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d)e The Problemn: Wnat 1s the chromesome = Very large body indeed,

ieus -~ 1Ts function

ITI. "“he Wucleus: An orgon of the cell, functions to control the
producticn and distribution of the gene products,

a). At any one sbage = lincar ormanizgition of chrcmosie précise:
Morpholopy clear-cutb: : Pachytene in mai-e,
Whe t does this organization mean?

b). Heterochromatin and euchronstin -- Knobs., Woaat do thev do?

¢). Lvidence of acticn of genes in Rhynchosciara, 3reuer and Pavan,

(1) dggs = laid at one bHine
(2) Development - all go alongs tomatiosr
"
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(3) Chromcscie orpanization in different tissues: Polvtene time -
1lilke Q”QSOEﬂ'lu malivarl
(h).bOﬁa“iSOnS of bands in diifferent tissues

vislible: Frogs Lpgse Briggs and King

d). Change in activity of diifferent renes and dirfferent times in develovrnient -

e). Class I, Incrcase in activity of band for voiriod and subsides.,
ieturn to previous ap-earance,

Class TI. Increcase in DHA of band, feturn to band much enlorged
Permant change &t gene lLocus,. In soma, not germ Jline,

~

), Importonce of observations
J.u.'l".';;.'l_t,uf:\ Oﬂ_alj%d“o_‘l_:f or rene
! ! i it 1T
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2)e In study of controlled chances in gene actlon in maize -- nave

exormlcs of noth trpes. Will c¢iscribe,
Berle Eistory of studr of chnnge in ~ore 2ction durin. develorpment in malze

a)e Began 191 - DU.D ected nlants sl v eitie porlt develonment:
One arm of one chromegone -- consgbontly alter d during sach
cell divisiocn for pﬁ,iod in earlr developnient,
b)e. Plants self pollinated. Probeny grown “rom about [L00 piants,.

T g large number of
expression during develorment
"mutable genes', Larre numbeor

d). An extracrdinary cxpcrience -- All tmes of ~lant and ke nel ¢/ wnnters
a’fected by such changes -- aAnthocyanin, c¢:lorophy]
growth tyoes, etc,

~

¢). Une event in common for all: The time wnen c¢n nge in gene actio
wouvld ocecur -- geneticelly controlled, The progeny ol o“wo sisuter
cells covld differ in tywe of ccitrol: Lxamples:

(1) Cne - chaonged rate of subsequent mutation - inereased
sister cell - decreased rate,

(2) Cne cell = rmutation
olstar cell - changed rote of rmmwtati

f)e Cne basic pattern -~ controlled turning on and off of gene action
during developmnent, Genetlc mechanism pBsvensible Tor the
changes in gene action,

Basic Dqttern for all cases, regardless of
primary shenotrpe pene affected,

g). Why wos basic pattern of pene beir vior so drasbically up

many genss ag a conseruence of an alteration ﬂ"ocui

are cf one chr mogoe? HWhat condistions were distr
thiat alte-ed tlm;ug of mene action and for so many dif

Lxtensive study of one s stenm of control of gene action -~ The D3- Ac
S7FSUCM,

a). Two elements, each distinguishalble because of pi 10t"wes each »iroduceg--
lile any so- called gere mubtint-- control action of rene,

b)e Unlike the stationary genes -- the DIA aarr";nﬁ elenents~~ tnese
elements do not remain in one vositicons in the chro-osome
cormlenente Can snspose Trom one location to another

ing ide"titv in process, Like genes but change

ns in the commlenent,

c)e Inhcrttence cen ve followed as readily as any mutant, Linlkages,
DOS ticns Iin PO LS0TIeS, ete, Transposition frequenciss and

times and nesitions may be followed,
d)e Both elements can cause a change in the chrcucsome - phvsicsl chens
- ¢ _ £ . E - ~
that mav be observed, Like Phynchosciara - permant cnanreg,Claszs 17T,

e)e Transpositlion of Ds eWG* nt to locus o lmown gene -- chnangce in cene
action results: ¢ Cﬁé
S
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£)e As long as Ac absent, ¢ is a good recessive mutation, o evidence
of rmuvation to C, As good as any krownm rmutation in mai-e,

). hen Ac present -- mutations to C occur, Uccur at ce='a’n times
in development and in certain cells,

h). Control of time of rwtation -- depends on Ac, As a wnole the
h»”“cv the dooe f Ac, the later the time of occurrence of mul
Controls patlern - waen gene acts and in
cells,

ess = due to ch-nge in Ds elemcnt, not in genes at
s sometil reroved Wien clange OCCUT S,

B#)e Becaure of transposition, could get cases of Ds engdering @ifferent

Imowm mene loci, Many obtained:
¢ Sh Bzy s 4 A Ba, S
oh Bzy lix 1 AZ 2, u
Chr,9 3 5 1 I
k). The Alleles of Ac and Ds. Different alleles (formeriv cailed
states) of both Us and Ac can be recognized,
Like alleles of known genes In that U ey are clear expressions
but not related to one nosition in cnr “csome.
-One allele of Ac: Pattern with all Ds mutants:
Ate
-
sreedingly vrecise control, Very stable twpe of erpression,
QneuhoL allele - alweys produzed change of gene acticn in one
rticular» cell, Precise consrol of time and cd 1 in

which cha nee weuld oceur,

VI, Investigation of anothor svstsm of ele ments -- Spm

1.

History of detection: OUne of the earls ¢ scs - luteus, yellow nlont,
chlororhyll,

a). liutation tmpes - many, One expressicn: iecivrocal paitterns: ahﬂﬂg
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b). Inheritence behavior -- very confusing, iany chances in plant o
different exnressions and controls. Ho clear cut inheritance

beravior thet was rendily analysible -- at that time,

¢)e In courze of study -- anpcarcd anotner rutable in cultu-e
mutasle lu -- A to a - mutable, Antnocrranin in plant and
kernel,
like 1u. Veﬁy difficult to conrehend the
sm rasg-ensgible,

d). Studv of a -m. iluch
chances in rene actyi
dAigh state of confusion,
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¢). In course of siudy of a,=T, CIross: Al Al X ag %}1

One kernel on car - colorless with A_. spots.
Plant grown from it. Origin of alm

2. Study of alm - sirmle,

a)e Assume element entered Aq (evidence of tiis later), Chanpe
to a-m

b) Mutations bto A or alleles of & in nresence of anothor elevent

¢), Uriginal trne of rmutation nmattern prodiced b a5 -m Slideé%%%

d). Mi=ging kernel - apnsnrance. 51ide<§§? (:)

Spr1 present = spots of A in colorless baclkoround - karnel
Streaks of A in preen backsround - plant,
Spr absent - deep color in kernel and nlante, Constant in behavior,

e)e Spm = controls sunpression of gene action and induces mutation,

lutants in germ line -- stable in svstem,
Some otiher

£)./alleles of a, isolated.: S1id @ @

g)e Inhoritonce of alleles: Combined:

Slide 377 A
Oommpre?”
h)., Allele of Spm_- SPm=1 feduced capaclity for intibiticn of
gene action and for mutation:
Flant cclored - slouly. Lernel cclorless, few 4 specks ol
ilcecessive to Spr=standaird,
VII, Return to stud: of ao-1, from w.lch a =n arose, sare srstem?
L m=1
a)., round saie genersl svstem 1in some cultures of a7“ and vory

confuscd tyoe of bennvior in obthers,
b)e. Son slenient prescnt in the readily analysible cultuwres but did n
row whet wos pressnt in otrirs,.

b). Introduced Spm fron ag cul
clcarcd up be~nvior o
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a5 Followed exactly that for alm.

o

d)e Proof of same Spm element controlling rutations in both -- long
of O"n“r_moats.

e)e What about be

U

savior in a,n culturs that were not analvsicle: hy
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8 Into a_-m cf both tives -- irmediatelw



£)e. Tyves of difficulties: Inheritance of variegaticn and expression

(1), TFemele = colored, X a,9 -- all kernels colored excent

) - 1 - 3 »
one or two -~ mEX®E colortéss-backecrodnd, few tc many
specks of color,

Pollen = to as = colorless background, many large snots of
color,
(2). Hain ear on plant - no variesation. Tillevs segresated
distinct rotlos or pecullar vrotios,

(3) Two distinct classes of alleles. Behavior diffs—ent,

VIII. The sclution of the a.™ situation:
(4
Two clacses of alleles of a.
(a8
Class I, Spm present - gene action turned on and off but no

change in gene, When opm absent or turned off
A, ex-ression, Will return to This,
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In apsence of Spm = pale color in vlant and kornel
In nrocsence of Spm - rutaticons to AQ.

The Spm nresent ~- its action cvelédec = turned on and off in sories.

The Standard Spm = turned on in ;3
cur

ant trrcvgaout gpewth ol »lant and
formation of pgometes - ©u ;

T o
ned off in some cells of endospseim,

mn

o . n o o s . . .
The oSpm in a?‘ - c¢ycle shifts: Off and on, Time of turninzg off and
on and time of mutatio

fxammle: Plant 7109B-1 Allele - Class T Wx + / wx Spn

Q@QQ



Hetrod of detecting presence of inactive Sonms o 7,(@“%5 ;
G},&‘U}p \){/w g} P’F‘iw{!’r 7L- !MWW - -
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Wx + / wx Spm - active X ac wx 1 Active Spm
4 . . H Hi b
"/ ux Spn - innctive x rooo ‘ f

Froved cnange in cycle actizn of 3pnm without chanre in nosition,

i £
Froved bresence of inective Spm when not seen in nlant or kernels,

IX, licaning of study == now hove knowm svatem - control of
of of prene action at snecifi inme and In specific
very specall patierns of “ehavior of gene in -~ lant
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g I chanre in Rhymehesciara

Same svstem can operate to control permant chane
Ulass II of Rhynchosciara,

Can get varfn tpes of control of gene action by stabili:
[

of Spm to any one tvﬂe -- like Standard Spm stabilizati

Intprc:njﬁe of oSpn tvres from a ™ and a

il a, -= soowed sevie be-ovicr in
control of gene acticn in both,
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Combihati*ns and permutations of allele cnooplling

- can get almest any tin ‘ oY U rmene action

2tlally in different tissue £ ke roonlsris.
Svstern of ¢ zcrol of mene action during !

omwlex to annrecicte,



